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Open access under the ElThis study compared the concentration of vitamin C (ascorbic acid, AA, and dehydroascorbic acid, DHA)
and carotenoids (lycopene and b-carotene) between three fruits produced by organic and conventional
farming. Vitamin C and carotenoids were analysed by high-performance liquid chromatography. The Stu-
dent t-test (a = 5%) was applied to determine differences between the organic and conventional produc-
tion systems. AA content was signiﬁcantly higher in organic acerola (4023.39 mg/100 g) compared to its
conventional production (2294.53 mg/100 g). Conversely, AA content was signiﬁcantly higher in conven-
tional strawberries (42.45 mg/100 g) than the organic ones (30.74 mg/100 g). The conventional produc-
tion also showed signiﬁcantly higher contents of DHA (persimmon: 7.50 mg/100 g vs. 0.96 mg/100 g)
and b-carotene (acerola: 6130.24 lg/100 g vs. 2486.38 lg/100 g) than the organic fruits. Lycopene was
only detected in persimmons, but no signiﬁcant difference was observed between farming systems. There
was no evidence of the nutritional superiority of the organically grown fruits.
 2010 Elsevier Ltd. Open access under the Elsevier OA license. 1. Introduction
Organic agriculture is a holistic production system that pro-
motes health and the sustainable development of agroecosystems
by obeying biodiversity, biological cycles and soil biological activ-
ity using fertilizers of organic origin and renewable energy sources
(FAO/OMS, 1999; Guzmán Casado & González de Molina, 2009).
Increasing knowledge and the concern of consumers regarding
food quality, food safety and environmental protection have led
to an increase in the demand for organic foods over the past few
years (Magkos, Arvaniti, & Zampelas, 2006; Saba & Messina, 2003).
Apparently, there is a general perception in the population that
organic foods are healthier, tastier andmore nutritive than conven-
tionally produced foods (Araújo, Santos, & Monteiro, 2008; Ismail &
Fun, 2003; Saba & Messina, 2003). However, scientiﬁc evidence is
insufﬁcient to conﬁrm or reject this assumption (Magkos et al.,
2006), since comparative data of the two production systems
are inadequate or inconsistent due to the heterogeneity of the
material and research methodology used (Hoefkens et al., 2009;
Kumpulainen, 2001).
Different foods are currently produced by organic farming.
Although still not completely established, the segment of organicderal do Espírito Santo, Alto
0-000 Alegre, Espírito Santo,
sevier OA license. fruit production has grown signiﬁcantly over the past few years
(Borges & Souza, 2005).
Fruits are excellent sources of antioxidant vitamins, as well as
of other vitamins, minerals, ﬂavonoids, and phytochemicals
(Ismail & Fun, 2003). Vitamin C is one of the most important anti-
oxidants found in fruits and vegetables (Odriozola-Serrano,
Hernández-Jover, & Martín-Belloso, 2007). This vitamin is impor-
tant for human nutrition (Hernández, Lobo, & González, 2006)
and for the food industry as an additive of processed foods (Rios
& Penteado, 2003). The main biologically active form of vitamin C
is L-ascorbic acid (AA), but its reversibly oxidised form, dehydro-
ascorbic acid (DHA), also presents vitamin activity (Deutsch,
2000; Lee & Kader, 2000), a fact demonstrating the need for the
determination of these compounds in foods to estimate total
vitamin C value.
Carotenoids have an important antioxidant potential (Stahl &
Sies, 2005), with the main carotenoids being lycopene (Shami &
Moreira, 2004) and b-carotene (Miller, Sampson, Candeias,
Bramley, & Rice-Evans, 1996). One of the most important roles
of carotenes, especially b-carotene, is its provitamin A activity,
considering that vitamin A deﬁciency is one of the main
nutritional problems of populations in developing countries
(Rodriguez-Amaya, 1989).
Data from epidemiological studies have shown an inverse
association between the consumption of fruits and vegetables
and the incidence of different diseases such as cardiovascular,
ophthalmological and gastrointestinal diseases, neurodegenerative
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Furthermore, it has been suggested that the interaction between
different dietary antioxidant compounds such as vitamins C and
E and carotenoids, especially lycopene and b-carotene, exerts a
synergistic effect on free radicals and, consequently, a health
protective effect (Stahl & Sies, 2005).
Therefore, the precise and speciﬁc determination of the content
of these nutrients in fruits is extremely important, especially in
view of the fact that farming practices may affect their concentra-
tion in fruits (Lee & Kader, 2000). Despite the need for data regard-
ing the possible harm and/or health beneﬁts promoted by the
consumption of conventionally and organically grown foods, few
studies have investigated the nutritional composition of organic
and conventional fruits (Magkos et al., 2006).
Ofﬁcial methods for the analysis of vitamins and carotenoids in
foods, such as spectrophotometry, colorimetric methods and titra-
tion procedures (AOAC), have been reported in the literature. How-
ever, high-performance liquid chromatography (HPCL) has
emerged over the last years as a high-resolution, precise, reliable
and sensitive method for the analysis of carotenoids and vitamin
C in foods (Barba, Hurtado, Mata, Ruiz, & Tejada, 2006; Campos,
Ribeiro, Della Lucia, Pinheiro-Sant’Ana, & Stringheta, 2009; Ismail
& Fun, 2003; Odriozola-Serrano et al., 2007; Pinheiro-Sant’Ana,
Stringheta, Brandão, & Azeredo, 1998).
The objective of the present study was to compare the concen-
tration of vitamin C (AA and DHA) and carotenoids (lycopene and
b-carotene) between three organically and conventionally grown
fruits commonly consumed by the Brazilian population. In this
study, lycopene and b-carotene were analysed because they are
the most frequent carotenoids in the fruits studied and because
of their important role as antioxidants and in the protection of
human health. In addition, b-carotene plays an essential role as a
provitamin A carotenoid, considering the fact that hypovitaminosis
A is one of the main public health problems in developing coun-
tries such as Brazil.2. Material and methods
2.1. Reagents and other materials
The following HPLC-grade reagents were used [the purity grade
of the reagents is reported as percentage]: methanol (Tedia, USA)
[99.9], acetonitrile (Vetec, Brazil) [99.8], ethyl acetate (Mallinck-
rodt, USA) [99.9], and acetic acid (Vetec, Brazil) [99.7]. Ultrapure
water was produced with the Milli-Q system (Millipore, USA).
The following reagents of analytical grade were used: dithiothrei-
tol (DTT) (Sigma Aldrich, Germany) [99.0], metaphosphoric acid
(Merck, Germany) [90.5–99.5], sulfuric acid (Mallinckrodt, USA)
[97], Trizma buffer (Nuclear, Brazil) [99.8], ethylenediaminetetra-
acetic acid (EDTA), phosphoric acid (Proquímios, Brazil) [85.0],
monobasic sodium phosphate (Synth, Brazil) [98–102], acetone
(Vetec, Brazil) [99.5], petroleum ether (Impex, Brazil) [99.9], ethyl
ether (Impex, Brazil) [99.9], anhydrous sodium sulfate (Impex, Bra-
zil) [99], Celite (Synth, Brazil), and magnesium oxide (Vetec, Brazil)
[95]. The L-AA standard was acquired from Vetec (Brazil) [99.0].
The lycopene and b-carotene standards were separated by open-
column chromatography. The samples were ﬁltered through ﬁlter
paper. Before injection, the samples and standard solutions were
ﬁltered through Millex HV ﬁlter units (polyethylene housing,
0.45-lm pore size; Millipore, Brazil).2.2. Fruits
Persimmon (Diospyros kaki L., var. Rama Forte), acerola
(Malpighia punicifolia L., var. Olivier) and strawberry (Fragaria vescaL., var. Oso Grande) fruits were obtained from the São Paulo
Company Kórin Agricultura Natural Ltda., located in Atibaia, São
Paulo, Brazil. The fruits were grown by organic and conventional
farming in the same geographic region (Atibaia, São Paulo, Brazil)
under the same climatic conditions and were collected randomly
during the harvest season of each fruit throughout 2007. The or-
ganic fruits had a certiﬁcate issued by the Motika Okada Certiﬁca-
tion (CMO) service. The fruits were harvested in the partially ripe
stage (stage of commercialisation) and properly stored in card-
board boxes protected against shock. The fruits were transported
overland and arrived at the Laboratory of Vitamin Analysis, Depart-
ment of Nutrition, Federal University of Viçosa, Minas Gerais, Bra-
zil, within 48 h post-harvest.
2.3. Experimental design
A completely randomised design consisting of two treatments
(organic and conventional production system) and six repetitions
per treatment was used. The samples were collected randomly
during the harvest season of each fruit.
2.4. Collection, sampling and sample preparation
The organic and conventional fruits were collected in such a
way to obtain six different repetitions. The production area was
divided into six small plots. In each plot, 2 kg of persimmons and
1 kg of acerola and strawberries produced by organic and conven-
tional farming were collected. The six repetitions were sent to the
laboratory in a single step, corresponding to 12 kg of persimmons
and 6 kg of acerola and strawberries per treatment.
After receiving the fruits, each repetition was subdivided into
two parts for sample preparation. One half was used for analysis
of vitamin C on the same day and was therefore stored at room
temperature. The other half was stored in a refrigerator at approx-
imately 10 C for sample preparation and analysis of carotenoids
on the next day.
Persimmons, acerola and strawberries were washed under run-
ning water and the non-edible parts (acerola seeds and leaves of
persimmon and strawberry) were removed. The fruits were then
chopped and homogenised in a multi-purpose food processor for
5 min until complete homogenisation of the sample, thus guaran-
teeing more reliable sampling. This procedure was performed six
times for each treatment (organic and conventional farming).
2.5. Extraction of vitamin C and carotenoids
Vitamin C was extracted from the fruits according to the
method of Campos et al. (2009). The previously homogenised
sample was weighed (about 1 g) and 15 ml extraction solution
(3% metaphosphoric acid, 8% acetic acid, 0.3 N sulfuric acid and
1 mM EDTA) was added. Next, the sample was triturated in a
micro-homogenizer for 5 min and vacuum ﬁltered through ﬁlter
paper. The ﬁltrate was diluted in ultrapure water until a volume
of 25 ml in a volume balloon and centrifuged at 1789g for
15 min. The supernatant was stored in a refrigerator at about
5 C until the time for chromatographic analysis.
Carotenoids were extracted as described by Rodriguez-Amaya,
Raymundo, Lee, Simpson, and Chichester (1976), with some
modiﬁcations. Approximately 1 g of previously homogenised
persimmons and acerola and 5 g of strawberries were triturated
with cold acetone (60 ml), vacuum ﬁltered through a Büchner
funnel, and transferred to cold petroleum ether (50 ml). The
extract was concentrated in a rotary evaporator at a temperature
of 35–37 C. Next, the carotenoids were dissolved in 25 ml petro-
leum ether and stored frozen (at about 5 C) in amber glass ﬂasks
until the time for chromatographic analysis.
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of chemical analysis using amber glass ware and aluminum
wrapping.2.6. Determination of ascorbic acid and carotenoids
The presence of ascorbic acid and carotenoids in fruits was ana-
lysed by HPLC using a Shimadzu liquid chromatography system
(model SCL 10AT VP) equipped with a high-pressure pump (model
LC-10AT VP), automatic loop injector (50 ll; model SIL-10AF), and
UV/visible detector (diode array; model SPD-M10A). The system
was controlled with the Multi System software, Class VP 6.12.
AA was analysed using the method optimised by Campos et al.
(2009). The mobile phase consisted of 1 mM monobasic sodium
phosphate (NaH2PO4) and 1 mM EDTA, with the pH adjusted to
3.0 with phosphoric acid (H3PO4), and was eluted isocratically on
a Lichospher 100 RP18 column (250  4 mm, 5 lm; Merck,
Germany) at a ﬂow rate of 1 ml/min. AA was detected at 245 nm.
Carotenoids were analysed using the chromatographic condi-
tions described by Pinheiro-Sant’Ana et al. (1998), with some
modiﬁcations. The mobile phase consisted of methanol:ethyl ace-
tate:acetonitrile (50:40:10) and was eluted isocratically at a ﬂow
rate of 2 ml/min on a Phenomenex C18 column (250  4.6 mm,
5 lm) coupled to a Phenomenex ODS guard column (C18,
4  3 mm). b-Carotene and lycopene were detected at 450 and
469 nm, respectively.
AA, lycopene and b-carotene were identiﬁed in the samples by
comparison of the retention times obtained with those of the
respective standards analysed under the same conditions, and by
comparison of the absorption spectra of the standards and peaks
of interest in the samples using a diode array detector.2.7. Validation tests
Recovery of AA, lycopene and b-carotene was analysed, in
triplicate, by the addition of the standard to persimmon, acerola
and strawberry samples at a proportion of 20–100% of the average
original content in the samples.Fig. 1. HPLC analysis of ascorbic acid in conventional strawberry (A) and organic acerola
conditions are described in Section 2.The linear range was determined by injection, in duplicate, of
ﬁve increasing concentrations of the standard solutions of AA,
lycopene and b-carotene under the same chromatographic condi-
tions as those used for sample analysis.
The limit of detection was calculated as the minimum concen-
tration able to provide a chromatographic signal three times higher
than the background noise (Rodriguez-Amaya, 1999). The limit of
quantiﬁcation was calculated as the minimum concentration able
to provide a chromatographic signal ﬁve times higher than the
background noise (Rodriguez-Amaya, 1999).
2.8. Conversion and quantiﬁcation of dehydroascorbic acid
DHA was quantiﬁed in the fruits by determination of the differ-
ence between total AA content (after conversion of DHA into AA)
and original AA content (before conversion of DHA). DHA was con-
verted into AA according to the method of Campos et al. (2009),
adapted for fruits. Trizma buffer (0.5 M) containing 40 mM DTT
(2.0 ml for persimmons and acerola and 2.5 ml for strawberries)
was added to 1 ml of the sample extract. Addition of the buffer
to the extract increased the pH to a value close to neutrality (pH
5.5–6.0). The mixture was left to react for 10 min at room temper-
ature in the dark. After this period, 0.4 M H2SO4 was added (1.5 ml
for persimmons and acerola and 2.0 ml for strawberries) to again
reduce the pH before chromatographic injection.
2.9. Calculation of vitamin A value
Vitamin A value is expressed as retinol activity equivalent (RAE)
per 100 g sample according to the conversion factors for vitamin A
value established by the Institute of Medicine (Institute of Medi-
cine (IOM-US), 2001). According to the IOM deﬁnition, 1 RAE cor-
responds to 1 lg retinol or 12 lg b-carotene.
2.10. Statistical analysis
The results were analysed by the Student t-test (a = 5%) using
the SAS (Statistical Analysis System) program, version 9.1, licensed
to the Federal University of Viçosa, Minas Gerais, Brazil.(B), and of lycopene and b-carotene in organic persimmon (C). The chromatographic
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3.1. Qualitative separation of the compounds
Fig. 1 shows typical chromatograms obtained for the analysis of
AA, lycopene and b-carotene in fruits. AA and b-carotene were
found in all fruit samples, whereas lycopene was only detected in
persimmons. DHA was detected in all fruits analysed, except for
conventionally grown acerola.3.2. Validation tests
All components presented good linearity in the range of concen-
trations tested (injected weight: AA, 0.204–113.75 lg; lycopene,
0.0012–0.0572 lg; b-carotene, 0.0085–0.4905 lg). The coefﬁcients
of determination were 0.9975 for AA, 0.9932 for lycopene, and
0.9985 for b-carotene.
For persimmons, mean recovery of AA, lycopene and b-carotene
was 99.5%, 102.8% and 85.2%, respectively. For acerola, mean
recovery of AA and b-carotene was 101% and 90.6%, respectively.
For strawberries, mean recovery of AA and b-carotene was 95.7%
and 97.7%, respectively.
The limit of detection was 50 lg/L for AA, 60 lg/L for lycopene,
and 50 lg/L for b-carotene. The limit of quantiﬁcation was 75 lg/L
for AA, 85 lg/L for lycopene, and 70 lg/L for b-carotene.3.3. Ascorbic and dehydroascorbic acid content
The mean concentrations of AA and DHA found in the samples
of organically and conventionally grown fruits are shown in
Table 1.
For persimmons, AA content was similar for the two production
systems, whereas DHA content was signiﬁcantly higher in conven-
tionally grown fruits (p < 0.05), accounting for 38.5% of total vita-
min C. According to Lee and Kader (2000), DHA may account for
up to 47.6% of total vitamin C in persimmons, depending on the
variety.
Acerola was the fruit presenting the highest AA concentration.
AA content was signiﬁcantly higher (practically the double) in
organically grown acerola compared to conventionally grownTable 2





Lycopene 567.87 ± 269.59a 453.27 ± 63.32a nd
b-Carotene 703.24 ± 86.64b 645.60 ± 42.58b 2486.38
Results are expressed on a wet weight basis.
nd, not detected.
For each fruit, means in the same line followed by the same letter did not differ signiﬁc
A Mean of six repetitions ± standard deviation.
Table 1





AA 11.85 ± 0.48a 11.99 ± 0.33a 4023.39 ± 19
DHA 0.96 ± 1.30c 7.50 ± 2.67b 739.45 ± 45
Results are expressed on a wet weight basis.
nd, not detected.
For each fruit, means in the same line followed by the same letter did not differ signiﬁc
A Mean of six repetitions ± standard deviation.
B Mean of four repetitions ± standard deviation.fruits (p < 0.05). Cultivation factors such as soil preparation, use
of agricultural defensives and the type and frequency of irrigation
may explain the difference between the two production systems.
Vitamin C content has been shown to vary according to soil fertility
and nutrient availability (Matsuura et al., 2001). Studies have
shown that application of lower nitrogen doses and a lower fre-
quency of irrigation may increase vitamin C concentrations in veg-
etables and fruits. Another important factor is the use of
agricultural defensives such as pesticides and agrochemicals that
can indirectly affect the nutritional quality of fruits and vegetables
(Lee & Kader, 2000). DHA was only detected in organically
grown acerola fruits, further increasing the concentration of total
vitamin C, corresponding to 15.5% of total vitamin C content.
However, Aldrigue (1998) detected DHA in conventionally grown
acerola fruits, with its concentration accounting for 2–20% of total
vitamin C.
Mean AA content was signiﬁcantly higher in conventionally
grown strawberries compared to organic fruits (p < 0.05). One pos-
sible explanation for this ﬁnding is the type of fertilisation adopted
for conventional farming, which consisted of 40 kg/ha nitrogen,
600 kg/ha phosphorus and 240 kg/ha potassium. In the review of
Lee and Kader (2000), the application of lower levels of nitrogenat-
ed fertilizers (45 kg/ha) and higher levels of potassium-containing
fertilizers has been associated with a higher AA content in fruits
and vegetables. The concentration of DHA was similar for the
two production systems, with DHA accounting for 34% of total vita-
min C value in conventionally grown strawberries and for 44% in
organic fruits.3.4. Lycopene and b-carotene content
The mean concentration of lycopene and b-carotene in organi-
cally and conventionally grown fruits is shown in Table 2.
Lycopene was only detected in persimmons, but there was no
signiﬁcant difference between the two production systems. There
was also no difference in b-carotene content between organic
and conventional persimmons.
b-Carotene was the only carotenoid detected in acerola fruits,
with conventionally grown fruits presenting a signiﬁcantly higher




± 272.48d 6130.24 ± 559.17c 54.08 ± 7.71e 53.02 ± 2.15e
antly by the Student t-test (pP 0.05).
its produced by organic (O) and conventional (C) farming.A
Strawberry
C O C
8.62d 2294.53 ± 125.62e 30.74 ± 3.68g 42.45 ± 4.78f
5.64B nd 24.33 ± 3.34h 22.20 ± 3.42h
antly by the Student t-test (pP 0.05).
Fig. 2. Comparison of mean total vitamin C content and mean vitamin A value in the edible portion of fruits produced by organic and conventional farming (results are
expressed on a wet weight basis). Mean of six repetitions ± standard deviation. , Value corresponding to ascorbic acid (AA) content only (mg/100 g). VAV, vitamin A value;
OP, organic persimmon; CP, conventional persimmon; OS, organic strawberry; CS, conventional strawberry; OA, organic acerola; CA, conventional acerola.
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tionally grown acerola harvested during the rainy season and trea-
ted with chemical fertilizers 3 months before harvest. According to
Gross (1987), soil fertilisation is one of the factors that affects the
biosynthesis of carotenoids in fruits. This fact probably contributed
to the higher b-carotene content observed in conventionally grown
acerola fruits in this study.
Only b-carotene was detected in strawberries, with no signiﬁ-
cant difference between the organic and conventional production
system.Table 3
Nutritional information regarding the vitamin C content and vitamin A value of
organically (O) and conventionally (C) grown fruits.
Fruit Edible portion
corresponding
to 100 g fruit
Production
system
Meeting of daily requirements
(%)










































Daily vitamin C requirements according to dietary reference intake (Institute of
Medicine IOM-US, 2000): 90 mg/day for men (M) (>19 years); 75 mg/day for
women (W) (>19 years); 25 mg/day for children (Ch) (4–8 years). Daily vitamin A
requirements according to dietary reference intake (IOM, 2001): 900 lg/day for
men (M) (>19 years); 700 lg/day for women (W) (>19 years); 400 lg/day for chil-
dren (Ch) (4–8 years).
s Source.
r Rich.3.5. Vitamin C content, vitamin A value and nutritional information
Mean total vitamin C content and mean vitamin A value derived
from b-carotene of organic and conventional fruits are shown in
Fig. 2. Signiﬁcant differences in total vitamin C content between
the two production systems were observed for all fruits (p < 0.05)
as a consequence of the higher concentration of DHA in conven-
tionally grown persimmons and of AA in conventional strawberries
and organic acerola. Vitamin A value was signiﬁcantly higher in
conventionally grown acerola compared to organic fruits (p < 0.05).
Table 3 summarises the nutritional information regarding vita-
min C content and vitamin A value of organic and conventional
fruits and the classiﬁcation of these fruits as a source of or rich
in a given vitamin according to the recommendations of the Na-
tional Sanitary Surveillance Agency (ANVISA; Decree No. 27 from
January 13, 1998). According to these recommendations, solid
foods ready for consumption are classiﬁed as a ‘‘source’’ when they
meet 15% of the dietary reference intake (DRI) and as ‘‘rich’’ when
they meet 30% of the DRI (Brasil, 1998).
Ingestion of a portion of 100 g of the organic or conventional
fruits analysed partially or completely meets the daily vitamin C
requirements of adults and children. The fruits classiﬁed as rich
in vitamin C for the population groups studied were acerola fol-
lowed by strawberry. Persimmon was classiﬁed as rich in vitamin
C for children and as a source of vitamin C for women and men (ex-
cept for organic persimmon). The consumption of 100 g acerola of-
ten exceeds the daily vitamin C requirements of adults and
children; for example, 100 g organic acerola meets 5318% and19,144% of the daily recommendation for adults older than
19 years and for children aged 4–8 years, respectively. Thus, this
fruit represents a possible natural supplement in different food
products and might be included in dietary programs aimed at risk
populations. However, it is important that the daily consumption
of acerola does not exceed the tolerable upper intake level of
vitamin C for each population group.
With respect to vitamin A, ingestion of a portion of 100 g
conventionally grown acerola meets more than half the daily
416 P.C. Cardoso et al. / Food Chemistry 126 (2011) 411–416requirements of adults and 100% of the daily requirements of chil-
dren, thus representing a source rich in provitamin A. Organic ace-
rola was found to be a good source of vitamin A. For the other
fruits, the order of classiﬁcation regarding their importance to
meet daily vitamin A requirements was organic persimmon > con-
ventional persimmon > organic and conventional strawberry.4. Conclusions
The present study did not provide evidence that would indicate
the nutritional superiority of organically grown fruits in terms of
the components analysed. However, organic acerola was found to
present a higher concentration of AA and total vitamin C. With re-
spect to nutritional value, the organic and conventional fruits stud-
ied were considered to be excellent sources of vitamin C for the
population. In addition, these fruits contribute to meet the nutri-
tional requirements of vitamin A. Persimmon was considered to be
a good source of dietary lycopene, and acerola was the main source
of vitamin C and the most important source of provitamin A.
Few studies regarding the nutrient content of organically and
conventionally grown fruits are available in the literature and only
a small number of fruits produced by these two farming systems
have been analysed, a fact demonstrating the need for incentive,
investment and concern on the part of research institutions and
the federal government in this area. The contribution of the present
study was to provide a database of the chemical composition of
foods.
With respect to environmental impact and social issues related
to the health of farmers and consumers, organic farming seems to
increase environmental and socioeconomic viability compared to
conventional farming, but this does not necessarily imply a better
nutritional value of these foods.
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